Abstract: The aim of the present study was to evaluate the effect of systemic administration of probiotics (PROB) on the progression of experimentally induced oral and intestinal mucositis in rats immunosuppressed by chemotherapy (5-fluorouracil: 5-FU). Twenty-four rats were divided into the following groups (n=6): GC (control), GPROB, G5FU and G5-FU/PROB. Groups GPROB and G5-FU/PROB received 1 g of probiotic incorporated into each 100 g of feed (Bacillus subtilis, Bifidobacterium bifidum, Enterococcus faecium and Lactobacilllus acidophilus), beginning 30 days before oral mucositis induction. Groups G5FU and G5-FU/PROB received 60 mg/kg of 5-FU on days 0 and 2. The left oral mucosa of each animal was irritated by mechanical trauma (days 1 and 2). On days 3 and 7, three animals from each group were sacrificed, and their oral mucosa and small intestine were biopsied and processed for histopathological analysis. Groups G5-FU and G5-FU/PROB showed ulcerated oral lesions at day 3, with progression in group G5-FU and regression in group G5-FU/PROB at day 7. Histologically, less severe signs of inflammation in the oral mucosa were observed in group G5-FU/PROB than in group G5-FU. Regarding the intestine, villus-related defects of lesser magnitude were observed in group G5-FU/PROB, compared with group G5-FU. Group GPROB showed greater villus height than group GC. It can be concluded that probiotic supplementation reduced oral and intestinal inflammation in immunosuppressed rats with experimentally induced mucositis, and may protect the intestine from changes induced by chemotherapy, thus contributing to overall health.
Frederico José da Silva Simão de SOUSA (a) Rodrigo Antonio Carvalho ANDRAUS (b) Paulo Eduardo PARDO (c) Gisele Alborguetti NAI (d) Hermann Bremer NETO (e) Michel Reis MESSORA (f) Luciana Prado MAIA (g) (a) Introduction Radiotherapy and chemotherapy are the primary methods used for cancer treatment. Among the most widely used drugs in cancer chemotherapy, 5-fluorouracil (5-FU) 1 may cause cytotoxicity not limited to neoplastic cells, but also affecting normal tissues, 2 because it produces reactive oxygen, which damages the tissue and initiates a cascade of biological events, ultimately damaging the DNA of epithelial basal cells and causing cell death. 3 Immunosuppression from radiotherapy and chemotherapy causes adverse reactions in the oral cavity, such as oral mucositis, xerostomia, dysphagia, dysgeusia, candidiasis, and radiodermatitis. 4 
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Oral mucositis (OM) is the most common clinical complication observed in oral cancer treatment. The pathogenesis of OM has not been fully explained, but mechanisms involving the oral mucosa, pro-inflammatory cytokines and local factors, such as saliva and microbiota, have been suggested as playing a role in this process. 5, 6 There is also a potential interaction between the oral microenvironment and the development of mucositis.
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OM is clinically associated with mucosal changes ranging from erythema to ulcerative lesions in different locations of the oral mucosa, commonly located on non-keratinized surfaces, such as the jugal mucosa, center and edges of the tongue, soft palate and floor of the mouth. Because OM is also associated with constant, intense pain, it generates great discomfort, may restrict food intake and speech, and is often a site of bleeding and infection, as well as a systemic portal of entry for oral bacteria. OM leads to decreased quality of life, sleep disorders and poor oral hygiene, and may delay or interrupt cancer treatment.
8 OM treatment consists of locally or systemically administered pharmacological agents, such as anesthetics, analgesics, and antimicrobials. Other treatment options, such as cryotherapy and laser treatment, have also been used extensively. 9 However, none of these methods has proved effective or been widely accepted as a standard treatment. 10 5-FU can also cause intestinal mucositis by inducing apoptosis of intestinal stem cells, 11 resulting in villus blunting and crypt shortening, 12 reduced mucosal cell DNA, RNA and protein content, 13, 14, 15 and reduced brush border enzyme activity. 12 Intestinal mucositis is associated with abdominal pain and bloating, intestinal ulceration, nausea, vomiting, diarrhea, constipation, anorexia, dehydration and intestinal and systemic infections. 16, 17 Treatment of intestinal mucositis is similar to that of oral mucositis: antibiotics administered to prevent intestinal infection and bacteremia; however, the downside is that they may allow opportunistic resistant pathogenic bacteria to colonize the intestine. Traditionally, probiotics (PROB) have been associated with intestinal health, and greater clinical interest for PROB has focused on either preventing or treating gastrointestinal infections and diseases. Recently, the literature has suggested their use as a treatment approach to intestinal mucositis. 19, 20, 21, 22, 23 However, over the last decade, an increasing number of established effects and proposals for probiotic bacteria have been reported, including increased adaptive immune response, treatment or prevention of infections in respiratory and urogenital tracts, and prevention or mitigation of allergies and atopic diseases in infants. 24, 25 The mechanisms by which probiotics may contribute to the prevention and treatment of certain pathologies include direct interaction with or competitive exclusion of other microorganisms, and modulation of the host's immune system. 26 The oral cavity has just recently been suggested as an important target for probiotic application. 27 Until recently, probiotics were assessed mainly for the purpose of controlling dental caries, by potentially reducing the levels of Streptococcus mutans in the saliva. 28, 29, 30 Regarding periodontal disease, studies have shown that probiotic supplementation reduces alveolar bone loss in rats with ligature-induced periodontitis. 26, 31 Considering that changes in immunological and inflammatory responses, and in the microbiota, are factors involved in the development of mucositis, the use of probiotics undoubtedly opens a new and promising avenue for the preventive treatment of this disease, and well-controlled studies are valuable to structure the future pillars of probiotic therapy. In this context, the present study aimed at assessing the effect of the systemic administration of probiotics on the progression of experimentally induced oral and intestinal mucositis in rats immunosuppressed by chemotherapy.
Methodology
This study was initiated and performed after approval from the Ethics Committee on Animal Use (Protocol n. 2163) of the University of Western São Paulo (UNOESTE).
Twenty-four male Wistar rats (Rattus norvegicus albinus) with a mean body mass of 150 g were used. They were kept in individual cages and under the same standard conditions of illumination (light/dark cycle of 12/12 hours), controlled temperature of 22 ± 1°C, and food and water ad libitum. The animals were randomly divided into the following experimental groups: a. GC: Control group, rats with no chemotherapy or probiotic administration (n = 6); b. GPROB: rats with probiotic administration, but no chemotherapy administration (n = 6);
c. G5-FU: rats with chemotherapy administration, but no probiotic administration (n = 6); d. G5-FU/PROB: rats with chemotherapy and probiotic administration (n = 6). Groups GPROB and G5-FU/PROB received 1 g of probiotic incorporated into each 100 g of feed (Bacillus subtilis -2.9 x 10 8 UFC/g, Bifidobacterium bifidum -2.0 x 10 8 UFC/g, Enterococcus faecium -2.1 x 10 8 UFC/g, Lactobacillus acidophilus -1.0 x 10 8 UFC/g). This incorporated supplementation was initiated 30 days before mucositis induction. The feed consumption of all the experimental groups was evaluated weekly.
Immunosuppression was induced using the method described by Sonis et al. 32 and modified by Mitsuhashi et al. 33 The animals received two intraperitoneal injections of 5-FU (60 mg/kg), administered at days 0 and 2 of the experiment.
To mimic the clinical effect of local irritation and induce mucosal ulceration, the mucosa was irritated by mechanical trauma (MT), following a protocol adapted from Sonis et al. 32 This was performed by anesthetizing the animals with an intraperitoneal injection of 2% xylazine hydrochloride solution (2 mg/mL) (Rompum -Bayer Saúde Animal) and 10% ketamine hydrochloride (10 mg/mL) (DopalenAgribrands do Brasil Ltda). After general anesthesia, the left jugal mucosa was inverted and irritated by MT, performed by dragging the tip of an 18-gauge needle with a 100 mm 2 area in a vertical and horizontal linear pattern along the inverted mucosa, at days 1 and 2 of the experiment.
Animal conditions were evaluated by measuring feed consumption weekly, and assessing weight at baseline and days 0, 1, 2, 3 and 7. The data were expressed as body weight change in relation to initial weight at baseline.
The animals were anesthetized at days 3 and 7, and standardized photographs of the inverted jugal mucosa were obtained for macroscopic analysis. Inflammatory aspects such as erythema, hyperemia, hemorrhagic areas, epithelial ulcerations and abscesses were analyzed descriptively in the images obtained.
Three animals from each group were euthanized at day 3, and the 3 remaining animals were euthanized at day 7. Euthanasia was performed by intraperitoneal injection of thiopental (Thiopentax, Cristália, Brazil) at a dose of 100 mg/kg.
Histopathological analysis of the ulcerated area
Samples of the jugal mucosa were removed from the euthanized animals. The specimens were fixed in 10% buffered formalin solution, dehydrated and embedded in paraffin. Sections (5 μm-thick) were obtained for hematoxylin and eosin (H&E) staining and light microscopy examination (NIKON Labophot, Japan). The parameters of inflammatory cell infiltration and vascular dilatation, and the presence of hemorrhagic areas, edema, ulcerations, and abscesses were classified into scores ranging from 0 to 3, according to the method reported by Lima et al.:
34 0: normal epithelium and connective tissue with no vasodilation; absence of or discreet cellular infiltration; absence of hemorrhagic areas, ulcerations or abscesses.
1: discreet vascular ingurgitation; areas of re-epithelialization; discreet inflammatory infiltration with mononuclear prevalence; absence of hemorrhagic areas, edema, ulcerations or abscesses.
2: moderate vascular ingurgitation; areas of hydropic epithelial degeneration, inflammatory infiltration with neutrophil prevalence; presence of hemorrhagic areas, edema and eventual ulcerations; absence of abscesses.
3: severe vascular ingurgitation and dilatation; inflammatory infiltration with neutrophil prevalence; presence of hemorrhagic areas, edema and extensive ulcerations and abscesses.
Histomorphometric intestinal analysis
Samples of small intestines were collected and fixed in 10% buffered formalin solution for 48 hours, routinely processed and incorporated with paraffin. The sections obtained (5µm thick) were stained with H&E for light microscopy analysis. Histomorphometric analysis was performed by obtaining 3 favorably orientated sections selected from each animal, cutting perpendicularly from the villus enterocytes to the muscularis mucosa. Images of the histological sections were captured by a digital camera connected to a light microscope. The digital images were analyzed using appropriate software (Image J 1.50b, National Institutes of Health, USA). The villus height (VH) was obtained by measuring the vertical distance from the villus-crypt junction to the lower limit of the crypt, in 10 crypts per animal. The VH values for each animal were represented by the mean values of the three histological sections.
Statistical Analysis
The quantitative data obtained were grouped according to the experimental group and presented as mean and standard deviation. The Mixed Model for Repeated Measures was used to compare the weight and feed consumption among the groups. Kruskal-Wallis was used to compare the groups according to the histological score of the oral mucosa. Intestinal histomorphometric analysis was performed using the ttest for intergroup comparisons and the paired ttest for intragroup comparisons. A 5% significance level was adopted for all the statistical analyses. The SPSS version 21 (IBM Software, Armonk, NY, USA) was the statistics software used for these analyses.
Results

Clinical Follow-up
Regarding the animals' weight, there was no statistically significant difference among the groups at baseline and days 0, 1, 2, and 3. At day 7, group GC presented a weight gain (326.67 ± 28.57 Kg), followed by GPROB (293 ± 34.18 Kg), G5-FU/PROB (245.5 ± 33.23 Kg), and G5-FU (241.67 ± 22.9 Kg), with a statistically significant difference between group GC and groups G5-FU and G5-FU/PROB (p = 0.016) ( Figure 1A) . Regarding feed consumption, measured weekly, there was no significant difference among the groups, at any of the experimental time points ( Figure 1B) .
Photographic images representing each group and the experimental time points are shown in Figure 2 . The macroscopic analysis showed discreet ulceration in groups GC and GPROB present at day 3, but absent at day 7. At day 3, groups G5-FU and G5-FU/PROB presented a single whitish ulcerative lesion of irregular shape and with elevated edges, moderate erythema and hyperemia. At day 7, group G5-FU showed a well-delimited lesion having severe erythema and hyperemia, and having increased in size from day 3 to 7. Group G5-FU/PROB presented a reduction in the ulcerative lesion from day 3 to 7, with no erythema or hyperemia.
Histopathological analysis of the ulcerated area of the jugal mucosa
The histopathological analysis of the jugal mucosa for group GC at day 3 showed inflammatory infiltration and occasional mucosal ulcerations covered by a fibrinleukocyte crust exhibiting a prevalence of moderate inflammation ( Figure 3A) ; however, at day 7, most samples presented full mucosal re-epithelialization and discreet submucosal inflammatory infiltration ( Figure 3B ). Group GPROB showed unchanged epithelium at day 3 ( Figure 3C ) and day 7 ( Figure 3D ). All the samples of group G5-FU presented moderate vascular ingurgitation, In groups GC and GPROB, the jugal mucosa presented discreet ulceration at day 3 (A and C), but was no longer observed at day 7 (B and D); groups G5-FU and G5-FU/PROB presented a single ulcerative lesion at day 3 (E and G), characterized as whitish, soft, of irregular shape and elevated edges, moderate erythema and hyperemia; at day 7, group G5-FU (F) presented a well-delimited lesion having severe erythema and hyperemia, and having increased in size from day 3 to 7; group G5-FU/PROB presented a reduction in the ulcerative lesion area from day 3 (G) to 7 (H), with no erythema or hyperemia.
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inflammatory infiltration, and mucosal ulceration covered by a fibrin-leukocyte crust at day 3 ( Figure 3E ), whereas extensive ulcerations and mucosal tissue necrosis covered by fibrin-leukocyte crust and bacterial colonies ( Figure 3F ) were observed at day 7. On the other hand, group G5-FU/PROB showed the prevalence of re-epithelialized areas and discreet inflammatory infiltration ( Figure  3G ) at day 3, and full mucosal re-epithelialization and moderate submucosal inflammatory infiltration at day 7 ( Figure 3H ). Comparison among the groups based on histological scores showed a statistically significant difference only between groups GPROB and G5-FU at day 7 (Table 1) .
Histomorphometric intestinal analysis
Groups GC ( Figures 4A and B) and GPROB ( Figures 4C and D) presented normal intestinal structure. The animals that received chemotherapy presented moderate submucosal lymphocytic infiltration with destruction sites of villous surfaces at day 3 (G5-FU: Figure 4E ; G5-FU/PROB: Figure 4G ). At day 7, group G5-FU/PROB showed normal intestinal mucosa ( Figure 4F ), whereas group G5-FU presented discreet submucosal lymphocytic infiltration ( Figure 4H ). The chemotherapy seems to have significantly decreased and damaged the intestinal villi of the animals. These changes were present to a lesser extent in the animals of group G5-FU/PROB.
The extensive tissue destruction observed in groups G5-FU and G5-FU/PROB precluded performing VH measurements in this groups. The mean and standard VH deviations in sections of the small intestines regarding groups GC and GPROB, as compared among the groups, are described in Table 2 .
Discussion
The present study evaluated the effect of systemic administration of probiotics on the progression of experimentally induced oral and intestinal mucositis in rats. Clinical observation revealed regression of oral ulcerated lesions in group G5-FU/PROB, from day 3 to 7, versus a progression of the lesions in group G5-FU, observed during the same period. Histologically, fewer severe signs of inflammation of oral mucosa were observed in group G5-FU/PROB than group G5-FU.
Regarding the intestine, defects of lesser magnitude in the villi were observed in group G5-FU/PROB, compared with group G5-FU. Moreover, group GPROB showed higher villus height then group GC.
The present study used rats immunosuppressed with 5-FU to assess the effect of systemic probiotic administration on mucositis progression. Macroscopic and histopathological analyses showed that the treatment of rats with 5-FU, followed by mechanical trauma to the jugal mucosa, causes significant oral and intestinal mucositis. Regarding OM, these data corroborate those of previous studies, which showed similar aspects of OM induced by mechanical trauma in animals immunosuppressed with 5-FU. 6, 8, 33 Additionally, this model reproduces major signs and symptoms observed in OM induced by chemotherapy in patients, and has been used extensively in the study of OM. The same pattern has also been observed for intestinal mucositis in the literature, 19, 21 which reports that 5-FU induces intestinal mucositis in rats.
Regarding feed consumption, measured weekly as of the beginning of the probiotic administration, there were no significant differences among the groups. These results indicate that the method of probiotic administration was effective, considering that its incorporation into the feed did not change its consumption. It is important to highlight that group G5-FU showed a drastic reduction in food intake from weeks 4 and 5, corresponding to postOM induction. Regarding animal weight, the only statistically significant difference among the groups was observed at day 7, when group G5-FU presented the lowest body weight, in comparison with the other groups. The implication is that this reduced animal body weight may have been caused by the application of chemotherapy associated with the induction of OM, not only because of the mechanical trauma to the mucosa, but also because of the systemic effects of the chemotherapy.
The macroscopic analysis of the oral mucosa showed that group G5-FU/PROB presented no erythema or hyperemia at day 7, whereas group G5-FU showed ulcerative lesion and severe erythema and hyperemia at the same time point. There was also a reduction in the ulcerative lesion area from day 3 to 7 in group G5-FU/PROB, whereas group G5-FU showed increased lesion size. These data were reinforced by the histopathological analysis. Therefore, the probiotic therapy reduced the inflammatory process in the rats subjected to experimentally induced OM. In the present study, the probiotic therapy started 30 days before OM induction, as described by Messora et al.
31
. This proved useful to determining the preventive effect of the therapy on the development and evolution of OM.
Considering the intestinal histomorphometric analysis, a major finding reports the protective effects of probiotic supplementation on the intestinal structure of animals. In this study, the animals from group GPROB showed greater villus height, compared to group GC. Moreover, normal intestinal mucosa was observed microscopically in the animals from group G5-FU/PROB at day 7, whereas group G5-FU showed signs of inflammation. This finding has already been reported by Smith et al., 21 who observed that Lactobacillus fermentum was effective in reducing jejunal inflammation of the upper small intestine after 5-FU injection in rats. Whitford et al. 19 also demonstrated that Streptococcus thermophiles reduces histological severity of intestinal mucositis in rats treated with 5-FU. Some mechanisms related to the probiotic used may have contributed to this result, such as the reduction in certain pro-inflammatory cytokines, activation of "natural killer" macrophages and lymphocytes, and stimulation of both immature leukocyte production and interferon production. 35, 36 Probiotics improve innate immunity and modulate pathogen-induced inflammation, leading to phagocytosis of the pathogen. It is important to emphasize that the intestinal ecosystem is partially responsible for maintaining human health. Specific changes in this ecosystem may contribute to the development of certain diseases.
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There is a considerable difference in the findings of studies that assess the effects of probiotics resulting from dose variations, treatment time, bacterial species and application methods. The high degree of species and strain specificity associated with the beneficial effects exerted by probiotics makes it difficult to understand the mechanisms underlying these effects completely. 38 In the present study, a mix of Bacillus subtilis (2.9 x 10 8 UFC/g), Bifidobacterium bifidum (2.0 x 10 8 UFC/g), Enterococcus faecium (2.1 x 10 8 UFC/g) and Lactobacillus acidophilus (1.0x10
8 UFC/g) was used. Although there are only a small number of studies evaluating the effect of probiotics on oral mucositis, the number of studies evaluating these effects on intestinal mucositis is somewhat greater; these indicate that the use of Lactobacillus fermentum (1 x 10 6 and 1 x 10 9 CFU) 21 and Streptococcus thermophile (6x10 9 CFU) 19 has been found to be effective.
Although probiotic therapy seems to be safe and risk-free, there is a small body of evidence of side effects related to systemic infections. 39 It is also important to discuss the limitation of the sample in the present study. Considering that this is the first study evaluating the effects of probiotic administration on oral mucositis, and taking into account the restrictions on animal use, the authors thought it wise to use a reduced number of samples. Thus, more animal model studies and clinical trials should be developed to assess the safety and effectiveness of probiotics, before they are introduced as therapy in clinical practice.
Conclusion
Considering the limitations of the present study, it may be concluded that probiotic supplementation reduced oral and intestinal inflammation in immunosuppressed rats with experimentally induced mucositis, and may protect the intestine from changes induced by chemotherapy, thus contributing to overall health. 
